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(57) ABSTRACT

A typical configuration of a development device for an image
forming apparatus includes a development sleeve and an elec-
trode portion. In the development device, a pre-bias is applied
between the electrode portion and the photosensitive drum, a
DC voltage is applied to the development sleeve, a develop-
ment bias is applied between the development sleeve and the
photosensitive drum, the toner in the developer on the devel-
opment sleeve is moved to the photosensitive drum, and an
electrostatic latent image is developed on the photosensitive
drum. In the development device, the electric field intensity
between the electrode portion and the development sleeve by
the pre-bias is larger than the electric field intensity between
the image bearing member and the development sleeve by the
development bias.

4 Claims, 13 Drawing Sheets
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1
DEVELOPMENT DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to an image forming
apparatus, such as a copying machine and a printer, in which
an electrophotographic system is utilized and a development
device used in the image forming apparatus.

2. Description of the Related Art

In an electrophotographic image forming apparatus of the
related art, charged toner is brought close to an image bearing
member, and the toner is caused to adhere electrostatically to
an electrostatic latent image on the image bearing member,
thereby performing development to form an image. A two-
component developer mainly containing non-magnetic toner
and a magnetic carrier is widely used as a developer.

A development bias that moves the developer to the image
bearing member includes an AC development in which an AC
voltage is superimposed on a DC voltage and a DC develop-
ment in which only the DC voltage is utilized. While the AC
development is excellent for image quality, the DC develop-
ment has advantages in a simple configuration and low cost.

For example, a bias in which the rectangular-wave AC
voltage of about V,, =2 kV is superimposed on the DC volt-
age of about 200 V 1s used in a two-component AC develop-
ment method in which the two-component developer is used.
A DC component of the development bias is applied in order
to send the toner in the developer on a surface of a developer
bearing member toward the image bearing member. On the
other hand, an AC component has an effect that separates the
toner and carrier, which are charged in opposite-polarities, in
the developer by instantaneously applying a large electric
field.

The development is performed only by the DC voltage in a
two-component DC development method in which the two-
component developer is used. Because the DC voltage of the
two-component DC development method is smaller than the
AC voltage of the two-component AC development method,
the separation action of the development bias on the toner and
the carrier is small. Therefore, a small number of toner par-
ticles can move under the development bias, and the amount
of'toner developed in the image bearing member is inevitably
decreased to hardly obtain desired image density.

For example, a method for increasing a toner concentration
in the developer, a method for enhancing a developer convey-
ing speed of the developer bearing member, and a method for
increasing the development bias are proposed in order to
improve the image density. However, when the toner concen-
tration is increased in the developer, what is called a fog in
which the toner adheres to a non-image region on the image
bearing member is easy to generate. When the developer
conveying speed is enhanced, it is well known that degrada-
tion of the developer is accelerated.

When the development bias is increased, because a force
acting on the toner is increased, a separation characteristic of
the toner and the carrier can be improved to increase the
image density. However, because a probability that the carrier
adheres to an image region on the image bearing member is
significantly increased, there is a limitation to the increase in
image density by increasing the development bias.

In Japanese Patent Laid-Open No. 4-70874, an excitation
electrode is provided in front of the development region in
order to attract the toner in the two-component developer.
Therefore, when the developer reaches the development
region through an excitation electrode position, the toner in
the developer is attracted onto the excitation electrode side to
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enhance the toner concentration of the developer that comes
into contact with a photosensitive body.

However, in the technology of Japanese Patent Application
Laid-Open No. 4-70874, the force moving the toner in the
developer remains weak, and the electrode has only a small
effect.

SUMMARY OF THE INVENTION

The present invention provides a development device that
can effectively enhance the image density while suppressing
the fog in the DC development method in which the develop-
ment is performed using the DC bias.

The present invention provides a development device
including a developer bearing member that is disposed oppo-
site an image bearing member bearing an electrostatic latent
image, and conveys a developer having toner and a carrier to
a development region, a development bias applying device
that applies a DC voltage to the developer bearing member, an
electrode member that is disposed on an upstream side of the
development region in a developer conveying direction, and a
bias applying device that applies a DC voltage to the electrode
member such that electric field intensity formed between the
electrode member and the developer bearing member is larger
than electric field intensity formed between a potential at an
image portion of the image bearing member and the devel-
oper bearing member.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram of an image forming
apparatus according to a first embodiment;

FIG. 2 is a configuration diagram of an image forming
portion of the first embodiment;

FIG. 3 is a configuration diagram of an auxiliary electrode
of the first embodiment;

FIG. 4 is a schematic diagram illustrating an effect of the
auxiliary electrode of the first embodiment;

FIG. 5 is a view illustrating a voltage applying range of the
auxiliary electrode;

FIGS. 6A and 6B are views describing a force acting on
toner;

FIG. 7 is a view illustrating a magnet pattern;

FIG. 8 is a view illustrating contrast potential dependence
of an amount of toner put on a photosensitive drum and a
carrier adhesion amount;

FIG. 9 is a view illustrating pre-bias dependence of the
amount of toner put on the photosensitive drum and the car-
rier adhesion amount;

FIGS. 10A and 10B are views illustrating a relationship
between a development time and an amount of toner to be
developed;

FIGS. 11A and 11B are views illustrating the relationship
between the development time and the amount of toner to be
developed;

FIG. 12A is a view illustrating a state of a magnetic field
line between a developer bearing member and an electrode
member when a magnetic plate is not provided; FIG. 12Bisa
view illustrating the state of the magnetic field line between
the developer bearing member and the electrode member
when the magnetic plate is provided; and

FIG. 13 is a view illustrating an effect of a magnetic plate
according to a second embodiment.
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3
DESCRIPTION OF THE EMBODIMENTS

[First Embodiment] A development device and an image
forming apparatus according to a first embodiment of the
invention will be described with reference to the drawings.
FIG. 1 is a configuration diagram of an image forming appa-
ratus 100 of the first embodiment. As illustrated in FIG. 1, the
image forming apparatus 100 of the first embodiment
includes four image forming portions Pa, Pb, Pc, and Pd.
Because the image forming portions Pa to Pd have the sub-
stantially same configuration, the image forming portion will
be described by taking the image forming portion Pa as an
example.

In the image forming portion Pa, a laser scanner 11a emits
a laser beam according to an image signal of a yellow com-
ponent color of an original, and an electrostatic latent image
is formed on a photosensitive drum 1a (image bearing mem-
ber) charged by a primary charger 22a. The electrostatic
latent image is developed as a yellow toner image by a devel-
opment device 23a. The yellow toner image is primary-trans-
ferred to an intermediate transfer belt 81 in a primary transfer
nip portion Tla in which the intermediate transfer belt 81
nipped between a primary transfer roller 26a and the photo-
sensitive drum (image bearing member) 1a abuts on the pho-
tosensitive drum la. After the primary transfer, the toner
remaining on the photosensitive drum is removed by a cleaner
12. Magenta, cyan, and black toner images, which are simi-
larly formed by the image forming portions Pb to Pd, are
transferred to the intermediate transfer belt 81 bearing the
yellow toner image while superimposed on the yellow toner
image.

On the other hand, a sheet (recording medium) P stacked
on a sheet cassette 60 is conveyed to a secondary transfer
portion T2 in which a secondary transfer inner roller (transfer
portion) 29 and a secondary transfer outer roller 40 abut on
each other by a pickup roller 61 and a conveying roller 62, and
the toner images of four colors are secondary-transferred to
the sheet P. A fixing device 91 heats and pressurizes the toner
image, thereby fixing the secondary-transferred toner image
to the sheet P. Then the sheet P is discharged to the outside of
the image forming apparatus main body.

As illustrated in FIG. 2, a two-component developer
mainly containing non-magnetic toner and a magnetic carrier,
which are negatively charged, is used in the development
device 23a of the first embodiment. The development device
23ais partitioned into a first chamber (development chamber)
and a second chamber (agitation chamber) by a partition that
extends in a perpendicular direction at a development posi-
tion. A non-magnetic development sleeve (developer bearing
member) 231aq is disposed in the first chamber, and a magnet
that is of magnetic field generating unit is fixedly disposed in
the development sleeve 231a.

First and second screws 232a and 233a are disposed in the
first chamber and the second chamber, respectively. The first
screw 232q agitates and conveys the developer in the first
chamber. The second screw 233a agitates and conveys the
toner supplied from a toner supply tank 30a and the developer
in the development device 234, thereby homogenizing toner
concentration of the developer. In the partition between the
first chamber and the second chamber, developer paths
through which the first chamber and the second chamber are
communicated with each other are formed in end portions on
afront side and a rear side. The developer in the first chamber,
in which the toner is consumed by the development to reduce
the toner concentration of the developer, is moved to the
second chamber through one of the paths by conveying forces
of'the first and second screws 232a and 233a. The developer
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whose toner concentration is recovered in the second cham-
ber is moved to the first chamber through the other path.

The two-component developer in the development device
23a is borne on the development sleeve 231a (developer
bearing member) by a magnetic force of the magnet. A layer
thickness of the developer on the development sleeve 231a is
regulated by a blade 2344, and the developer is conveyed to a
development region that faces the photosensitive drum 1a in
association with rotation of the development sleeve 231a.
Magnetic poles of the magnet are disposed in a development
region such that the two-component developer forms a mag-
netic brush, and the magnetic brush is brought into contact
with the photosensitive drum 1a to supply the toner to the
electrostatic latent image, thereby performing the develop-
ment. In order to improve development efficiency, namely, a
ratio of toner provided to the latent image, a predetermined
development bias is applied to the development sleeve 221a
from a development bias power supply (not illustrated) that is
of a development bias output unit. In the first embodiment,
only a DC voltage of =500V is applied to the development
sleeve 231a from the development bias power supply.

(Auxiliary Electrode) As illustrated in FIG. 2, in a devel-
oper conveying direction, an auxiliary electrode 235a is dis-
posed on an upstream side of the development region where
the photosensitive drum 1a and the development sleeve 231a
face each other. The auxiliary electrode 235a is attached to the
development device 23a.

FIG. 3 is a configuration diagram of the auxiliary electrode
235a. As illustrated in FIG. 3, the auxiliary electrode 2354
includes an electrode portion (electrode member) 236a and
an electrode support member 237a. The electrode portion
236a is made of a metallic foil to which the voltage can be
applied. The electrode support member 2374 is made of an
insulating resin. The electrode portion 236a is fixed onto the
electrode support member 2374 by a bonding agent.

A length 1 of the electrode portion 2364 is larger than a
developer bearing region of the development sleeve 231aina
longitudinal direction of the development sleeve 231a. There-
fore, when the voltage is applied to the electrode portion
2364, an electric field is homogeneously formed over a whole
region where the developer on the development sleeve 231a is
borne in the longitudinal direction of the development sleeve
231a. A width d of the electrode portion 2364 is adapted to be
equal to a pre-bias applying range described below.

The DC voltage (hereinafter referred to as a pre-bias) is
applied between the electrode portion 2364 and the develop-
ment sleeve 231a such that a potential at the electrode portion
236a relative to the development sleeve 231a has an opposite-
polarity to a charge ofthe toner in the developer. As illustrated
in FIG. 4, when the developer passes by the auxiliary elec-
trode 235a, the toner in the developer is pulled from the
development sleeve side to the auxiliary electrode side by
action of the electric field formed by the pre-bias. Therefore,
the toner concentration of the developer on the auxiliary
electrode side is higher than that of the developer on the
development sleeve side. The developer having the high toner
concentration comes into contact with the photosensitive
drum 1a, and image density of the developed toner image is
increased compared with a configuration in which the auxil-
iary electrode is not disposed.

(Pre-bias Applying Range) The pre-bias applying range
will be described below. As described in Japanese Patent No.
3087541, even if the pre-bias is applied, sometimes high-
efficiency development is not yielded depending on a posi-
tional relationship between the auxiliary electrode and the
magnetic poles of the magnet in the development sleeve.
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FIG. 5 is a view illustrating the voltage applying range of
the auxiliary electrode 2354. As illustrated in FIG. 5, when
the pre-bias is applied to a region a located on the most
upstream side of a development region A in the developer
conveying direction, the developer at leading end of a mag-
netic ear in which the toner concentration is increased is
inverted in a next magnetic pole position. Therefore, because
the developer having the low toner concentration comes into
contact with the photosensitive drum 1a in the development
region A, a development property is degraded.

When the pre-bias is applied to a region b located on a
downstream side of the development region a in the developer
conveying direction, because the developer at the leading end
of the magnetic ear is inverted, the magnetic ear lies down,
and the toner is concentrated on a side surface of the magnetic
ear. Therefore, the toner is reduced at the leading end of the
magnetic ear, the development property is degraded.

When the pre-bias is applied to a region ¢ located on the
downstream side of the development region b in the developer
conveying direction, the toner is attracted to the leading end
of the magnetic ear, and the development is performed while
the toner concentration is increased at the leading end of the
magnetic ear. Therefore, the development property is
improved.

As described above, the pre-bias is effectively applied to
the position (position in the region c) closest to the develop-
ment region A in the plural magnetic poles inside the devel-
oper bearing member located on the upstream side of the
development region A in the developer conveying direction,
and the magnetic ear starts to rise up in the position in the
region c that faces a development main pole.

The following discussion is performed in order to clarify a
range where the effect of the pre-bias is exerted better. FIGS.
6A and 6B are views describing a force acting on the toner. As
illustrated in FIG. 6A, it is assumed that an angle o is formed
by an outward normal line H in a surface of the development
sleeve 231a and a magnetic ear G in a plane including the
developer conveying direction (a direction of an arrow Y). At
this point, it is assumed that a positive direction of « is a
direction in which the magnetic ear G is tilted in the developer
conveying direction relative to the outward normal line H in
the surface of the development sleeve 231a.

It is assumed that parallel plate approximation holds to
form the electric field perpendicular to the auxiliary electrode
235a in the position in which the development sleeve 231a
and the auxiliary electrode 2354 face each other. When the
magnetic ear G has the angle a as illustrated in FIG. 6A, a
force F that toner particles in the magnetic ear receive by the
electric field can be resolved into a force f; that pulls the toner
particles toward the leading end of the magnetic ear and a
force f, that attracts the toner particles to the side surface of
the magnetic ear as illustrated in FIG. 6B.

In the range of -45°<a<45°, because the force f; that pulls
the toner particles toward the leading end of the magnetic ear
is stronger than the force f, that attracts the toner particles to
the side surface of the magnetic ear, a force that concentrates
the toner on the leading end of the magnetic ear G acts on the
toner in the developer to exert the effect of the pre-bias.

o~tan~! (B4/B,) holds because a shape of the magnetic ear
G substantially follows a pattern of magnetic flux density
generated around the development sleeve 231a. B, is a devel-
opment sleeve surface normal direction component of the
magnetic flux density. B, is a developer conveying direction
component of the magnetic flux density. By is a developer
conveying direction component of the magnetic flux density.

FIG. 7 is a view illustrating a relationship between the
angle o formed by the magnetic ear G and the magnetic flux
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density By and B,. Referring to FIG. 7, in the developer
conveying direction, the angle o comes close to 0 from a
negative value as the angle o comes close to the development
main pole. Accordingly, near the development main pole, a
position of 0=—45°, namely, a point (intersection point of two
curved lines B, and -Bg) in which Bg/B,=-1 is obtained is set
to a pre-bias application starting point. In the first embodi-
ment, because a peak of the development main pole is located
at a=-8°, the pre-bias application starting point can be set to
-21°.

A pre-bias application ending point is determined as fol-
lows. While the effect that the bias attracts the toner is
increased with increasing bias applying range, an amount of
toner put on the photosensitive drum by the development is
increased with decreasing contact distance between the mag-
netic brush (magnetic ear G) and the photosensitive drum 1a.
Therefore, the bias applying range extends from the bias
application starting point, the amount of toner put on the
photosensitive drum 1« is increased until the point in which
the magnetic brush and the photosensitive drum 1a come into
contact with each other. However, the amount of toner put on
the photosensitive drum 1a is decreased when the electrode
invades in the development region A to narrow the contact
range of the magnetic brush and the photosensitive drum 1a.
Therefore, the contact start point of the magnetic brush and
the photosensitive drum 1a is set to the bias application end-
ing point such that the amount of toner put on the photosen-
sitive drum 1a becomes the maximum.

A region between the pre-bias application starting point
and the pre-bias application ending point is set to the pre-bias
applying range, and the width d of the electrode portion 2364
is matched with the pre-bias applying range.

(Bias Applied to Auxiliary Flectrode 235q)

The bias applied to the auxiliary electrode 235a will be
described. In the first embodiment, it is assumed that a devel-
opment electric field E,, is the electric field in the point in
which the distance with the photosensitive drum 1a becomes
the shortest in the region where the development sleeve 231a
and the photosensitive drum 1a face each other. Similarly it is
assumed that a pre-bias field intensity E,,,, is the electric field
in the point in which the distance with the auxiliary electrode
2354 becomes the shortest in the region where the develop-
ment sleeve 231a and the auxiliary electrode 2354 face each
other.

As described above, in the two-component DC develop-
ment method, because the development electric field is
smaller than the development electric field that is generally
used in the two-component AC development method, the
small amount of toner contributes to the development.
Because the development electric field is increased with
increasing DC development bias, the adhesion of the carrier
to the image region becomes prominent although the image
density is increased. When the carrier adheres to the image
region on the photosensitive drum, the carrier emerges as a
black spot in an output image. In the first embodiment, an
upper limit of the carrier adhesion amount is determined to
one carrier/cm”.

FIG. 8 is a view illustrating dependence of the amount of
toner put on the photosensitive drum and the amount of car-
rier adhering to the image region of the photosensitive drum
on the development bias (contrast potential). As illustrated in
FIG. 8, when the development bias (contrast potential) is
increased, although the amount of toner put on the photosen-
sitive drum is increased, the amount of carrier adhering to the
image region of the photosensitive drum 1la is rapidly
increased from the voltage of 300 V to 400 V.
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On the other hand, when the pre-bias voltage is increased,
because the electric field intensity is similarly increased, the
amount of toner moved between the development sleeve 231a
and the auxiliary electrode 235a is increased. At the same
time, even if the movement of the carrier is generated,
because a destination of the carrier particle is the surface of
the electrode portion, the carrier does not emerge in the output
image unlike the increase in development bias. Therefore, the
increase in voltage applied between the auxiliary electrode
2354 and the development sleeve 231a can increase the image
density while suppressing a risk that the carrier adheres to the
image region on the photosensitive drum.

FIG. 9 is a view illustrating pre-bias dependence of the
amount of toner put on the photosensitive drum and the
amount of carrier adhering to the image region of the photo-
sensitive drum. A horizontal axis of FIG. 9 indicates a ratio of
the pre-bias field intensity E,,,, to the development electric
field B,

The amount of toner put on the photosensitive drum is
increased when the pre-bias electric field is increased relative
to the development electric field. Although the amount of
toner put on the photosensitive drum is not largely changed
when the pre-bias electric field is equal to or lower than the
development electric field, the amount of toner put on the
photosensitive drum is rapidly increased when the pre-bias
electric field exceeds the development electric field. Even if
the pre-bias electric field is changed, the amount of carrier
adhering to the image region on the photosensitive drum is
hardly changed.

A difference in development property between the two-
component AC development method and the two-component
DC development method is discussed using the following
model in order to clarify what effect is generated by increas-
ing the pre-bias electric field compared with the development
electric field.

As is well known, in the development region A where the
photosensitive drum 1a and the development sleeve 231a face
each other, the toner is developed in the surface of the pho-
tosensitive drum 1a by properly applying the voltage between
the photosensitive drum 1a and the development sleeve 231a,
and the development is ended at the time forces acting on the
toner particle are matched. Examples of the force acting on
the toner particle include a force generated by the electric
field formed in the development region and an electrostatic/
non-electrostatic force between the toner and the carrier.

Because the AC development has the large intensity of the
development electric field compared with the DC develop-
ment, a development speed is fast, and a time until the devel-
opment ended is short. In the AC development, the effect that
the toner and the carrier are separated by the AC component
of'the development bias is increased, and the large amount of
toner contributes to the development. Therefore, the large
amount M, of toner is finally developed after the develop-
ment is ended.

Therefore, it is assumed that a plot of FIG. 10A is obtained
as a function of an amount M of toner developed by the
photosensitive drum 1a and a development time.

The development time can extend by broadening the con-
tact range of the magnetic brush and the photosensitive drum
1a in the development region A such that a diameter of one of
the development sleeve 231a and the photosensitive drum 1a
is increased. In the first embodiment, the development time is
expressed by t,,.

Pulling the toner in the developer onto the photosensitive
drum side with the auxiliary electrode 235a corresponds to
increasing the amount of toner contributing to the develop-
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ment, and has an effect that a curved line of the DC develop-
ment of FIG. 10A is shifted like a dotted line of FIG. 10B.

As described above, when the development is performed
under the development electric field while plenty of time is
taken, the amount M,, of toner is developed from the devel-
opment sleeve 231a to the photosensitive drum 1a. When the
electric field formed by the pre-bias is equal to the develop-
ment electric field, it is found that at most the amount M_, of
toner is concentrated on the leading end of the magnetic ear
by the pre-bias. Therefore, the amount of toner developed on
the photosensitive drum is equal to or smaller than the toner
amount M. When the electric field formed by the pre-bias is
equal to the development electric field, the amount of toner
developed on the photosensitive drum does not exceed the
toner amount M,, as illustrated in FIG. 11A. Because actually
the time in which the developer passes by the position of the
auxiliary electrode and the development time are finite, the
amount of toner concentrated on the leading end of the mag-
netic ear G is further decreased.

However, when the pre-bias is applied such that the electric
field larger than the development electric field is formed,
because the amount of toner larger than the amount of toner
developed on the photosensitive drum in the normal develop-
ment can be concentrated on the leading end of the magnetic
ear, the amount of toner equal to or larger than the toner
amount M,, can be developed as illustrated in FIG. 11B.

In the first embodiment, a dark portion potential V, and a
bright portion potential V, of the electrostatic latent image on
the photosensitive drum 1a are set to =700 V and =300V,
respectively. The DC voltage of =500 V is applied to the
development sleeve 231a during the development. The volt-
age of 200V is applied between the photosensitive drum 1a
and the development sleeve 231a during the development. In
the case of adistance of 300 pm in the closest portion between
the photosensitive drum 1a and the development sleeve 231a,
assuming that the parallel plate approximation holds in the
closest portion between the photosensitive drum 1a and the
development sleeve 231a, the development electric field is
6.7x10° V/m.

When the electrode portion 2364 of the auxiliary electrode
235ais grounded, a potential difference with the development
sleeve 231a is 500 V. When the electrode portion 236a is
disposed 600 um away from the development sleeve 231a, the
electric field of 8.3x10° V/m is generated between the devel-
opment sleeve 231a and the electrode portion 236a. The
electric field intensity can be increased by bringing the elec-
trode portion 236a close to the development sleeve 231a.
However, when the electrode portion 236a is excessively
brought close to the development sleeve 231a, a discharge is
generated between the electrode portion 236a and the devel-
opment sleeve 231a. When the discharge is generated, the
electric field is eliminated, and the toner cannot be attracted.

In the first embodiment, the distance between the electrode
portion 2364 and the development sleeve 231a is adjusted
within a range of 300 to 700 um, a discharge starting voltage
is calculated from the distance by Paschen’s law, and the
calculated discharge starting voltage is set to the upper limit
of the pre-bias voltage.

As described above, according to the first embodiment,
instead of grounding the electrode, the pre-bias (DC bias)
may be applied such that the electric field larger than the
development electric field is formed between the develop-
ment sleeve 231a and the auxiliary electrode 235a on the
upstream side of the development region A in the developer
conveying direction. Therefore, the toner concentration in the
surface of the developer is increased and the image density
can further be increased.
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[Second Embodiment] A development device and an
image forming apparatus according to a second embodiment
of the invention will be described with reference to the draw-
ings. The same component as the first embodiment is desig-
nated by the same numeral, and the description is not
repeated. FIG. 12A is a view illustrating a state of a magnetic
field line between the development sleeve 231qa and the aux-
iliary electrode 2354 when a magnetic plate 2365 is not pro-
vided. FIG. 12B is a view illustrating the state of the magnetic
field line between the development sleeve 231qa and the aux-
iliary electrode 2354 when the magnetic plate 2365 is pro-
vided. FIG. 13 is a view illustrating the pre-bias dependence
of'the amount of toner put on the photosensitive drum and the
amount of carrier adhering to the image region on the photo-
sensitive drum when the magnetic plate 2365 is placed and
not placed.

As illustrated in FIG. 12B, in the image forming apparatus
of the second embodiment, the magnetic plate 2365 is
attached to the auxiliary electrode 2354 of the first embodi-
ment.

Asillustrated in FIG. 12 A, when the magnetic plate 2365 is
not provided, a portion in which the developer insufficiently
ears up exists in the upstream side in the developer conveying
direction within the bias applying range.

Asillustrated in FIG. 12B, when the magnetic plate 2364 is
provided, because the shape of the magnetic ear G substan-
tially follows a vector field of a magnetic field, the magnetic
ear G within the bias applying range comes substantially
perpendicular into contact with the auxiliary electrode 235a.

Therefore, the developer on the development sleeve
includes a gap between the magnetic ear G and the magnetic
ear G, a resistance applied to the toner particle from the
surrounding developer is reduced when the toner particle
moves in the developer by the action of the pre-bias, and
mobility of the toner is increased. As illustrated in FIG. 13,
the toner can efficiently be moved to the leading end of the
magnetic ear G by applying the pre-bias.

That is, when the magnetic plate 2365 is attached to the
auxiliary electrode 2354, the developer ears up within the bias
applying range, the effect that the toner is attracted by the bias
is easily obtained, and the magnetic field line within the bias
applying range is oriented toward the auxiliary electrode
235a.

According to the invention, the voltage is applied such that
the electric field larger than the development electric field is
formed between the developer bearing member and the elec-
trode member on the upstream side of the development region
in the developer conveying direction, and the toner concen-
tration on the surface of the developer is increased, which
allows the image density to be further increased.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-013965, filed Jan. 26, 2011, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A development device comprising:

a developer bearing member that is disposed opposite an
image bearing member bearing an electrostatic latent
image, and conveys a developer having toner and a car-
rier to a development region;
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a first bias applying portion that applies a first DC voltage
to the developer bearing member;

an electrode member that is disposed on an upstream side
of the development region in a developer conveying
direction;

a second bias applying portion that applies a second DC
voltage to the electrode member; and

a controller that controls the first bias applying portion and
the second bias applying portion such that a first electric
field intensity formed between the electrode member
and the developer bearing member by a potential differ-
ence between the second DC voltage and the first DC
voltage is larger than a second electric field intensity
formed between the image bearing member and the
developer bearing member by a potential difference
between a potential at an image portion of the image
bearing member and the first DC voltage,

wherein the first electric field intensity between the elec-
trode member and the developer bearing member is
smaller than a discharge starting voltage between the
electrode member and the developer bearing member.

2. The development device according to claim 1, further

comprising an electrode support member that supports the
electrode member, wherein a magnetic plate is provided at a
surface on an opposite side to the developer bearing member
side of the electrode member.

3. A development device comprising:

a developer bearing member that is disposed opposite an
image bearing member bearing an electrostatic latent
image, and conveys a developer having toner and a car-
rier to a development region;

a first bias applying portion that applies a first DC voltage
to the developer bearing member;

an electrode member that is disposed to face the developer
bearing member;

a second bias applying portion that applies a second DC
voltage to the electrode member;

a controller that controls the first bias applying portion and
the second bias applying portion such that a first electric
field intensity formed between the electrode member
and the developer bearing member is larger than a sec-
ond electric field intensity formed between the image
bearing member and the developer bearing member; and

a magnet equipped with plurality of magnetic poles,
wherein

the electrode is disposed at an upstream side, with respect
to a developer bearing member moving direction, from a
position where the image bearing member and the devel-
oper bearing member are closest to each other, and faces
aregion at a downstream side of a position of the devel-
oper bearing member where a magnetic flux density Br
in a direction of a normal line component of the devel-
oper bearing member and a magnetic flux density B6 in
a direction of a tangent line component of the developer
bearing member, among magnetic flux densities which
the magnet provides on a surface of the developer bear-
ing member, first become equal.

4. The development device according to claim 3,

wherein a position where the electrode is disposed is at an
upstream side of a position where the developer borne by
the developer bearing member starts to contact with the
image bearing member.
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